Directed cell migration is involved in a variety of physiological functions, such as embryonic development, neuronal differentiation, immune function, vascular remodeling and wound healing, and contributes to pathological states, including atherosclerosis, chronic inflammation and cancer [1] . Cells migrate either individually or physically connected in groups. To migrate in a specific direction, cells are guided by extracellular gradients, chemical and/or physical in nature, along which they move. Chemical gradients can be established by diffusion of chemoattractants from a distant focal source. A classic example is the release of bacterial byproducts that attract immune cells to a site of infection [2] . It is further thought that within the complex environment of a tissue, cells must be able to integrate multiple signals and often navigate through overlapping gradients [3] . In addition, tissue components in the vicinity of migrating cells can influence gradient formation. For example, proper guidance of zebrafish trigeminal sensory neurons is mediated by a dynamic SDF1 source controlled transcriptionally by miR-430 and post-transcriptionally by the decoy G protein-coupled receptor CXCR7 [4] . Similarly, glycosaminoglycans on the surface of endothelial cells are thought to bind and immobilize chemokines, thereby facilitating the formation of gradients [5] . Remarkably, migrating cells themselves can modify existing gradients by influencing the availability of chemoattractants that operate in an autocrine or paracrine fashion. For example, Dictyostelium cells secrete phosphodiesterases to breakdown cAMP during chemotaxis [6] and human keratinocytes at the front of a wound release higher levels of EGF [7] . In addition, migrating cells can contribute to the formation of new gradients as evidenced by the production and release of secondary chemoattractants (such as LTB 4 ) during neutrophils' chemotaxis [8] and the polarized remodeling of the extracellular matrix (ECM) and release of pro-migratory factors by colon carcinoma cells [9] . Two separate studies [10, 11] now address how chemical gradients are formed and maintained in complex tissues.
The posterior lateral line primordium in zebrafish is composed of w200 epithelial-like cells that migrate along the body of the fish to reach the tip of the tail after about 20 hours. This group of cells migrates on a pre-patterned path of the chemokine SDF1, depositing differentiated multicellular sensory structures at regular intervals along the body. Although SDF1 is uniformly distributed along this route, no directional migration of the primordium is observed in the absence of SDF1 or its receptor CXCR4, although the cells remain motile [12] . Three scenarios have been proposed to account for the directional collective migration in this system. One is the presence of sink receptors that bind and internalize SDF1, titrating its concentration along the length of the primordium. Second, the same alternative receptors could regulate CXCR4 expression/activity and hence SDF1 availability. Finally, this receptor could direct cell migration through its own, distinct SDF1-dependent signaling. The two new papers [10, 11] address these questions using in vivo sensors that report SDF1 activity. These sensors are based on the internalization of CXCR4 upon SDF1 binding such that the readout inversely correlates with extracellular SDF1 levels. The effort led by Holger Knaut [10] utilized the green-red ratio of a membrane-tethered GFP and Kate2 tagged to the carboxyl terminus of CXCR4 as a measure of SDF1 levels perceived by the primordium. Darren Gilmour's group [11] resolved the SDF1 activity temporally by using a tandem fluorescence protein approach. Here, CXCR4 was tagged with a fast-folding GFP and a slower-maturing tagRFP. The red/green fluorescence was used as an indicator of the time spent by CXCR4 on the membrane. Both groups show that, although SDF1 uniformly distributes along the migratory route of the primordium, a steady, linear gradient of SDF1 is observed across the primordium cell mass. They next tested whether chemokine receptors are required for shaping and maintaining this gradient. Earlier work had indicated that the chemokine receptor CXCR7 is expressed at the rear of the primordium and may act as a scavenger receptor for SDF1 [12, 13] . Both studies now report a loss of the SDF1 gradient in CXCR7-null mutants. Furthermore, both teams measured an accumulation of GFP-tagged SDF1 in CXCR7-postive endosomes within cells at the rear of the tissue (Figure 1 ). Whether CXCR7 acts as a sink or produces distinct signals for primordial migration was powerfully addressed by engineering an external source of CXCR7 in the posterior line nerve, which closely follows the rear of the migrating primordium. Importantly, both groups show that such an extraneous source of CXCR7 is sufficient to restore the SDF1 gradient, thus strongly favoring the sequestration model as a primary role of CXCR7 in gradient generation. In addition, using chimeric primordia composed of wild type and CXCR7-null cells, Holger Knaut's team [10] provided evidence that CXCR7 shapes SDF1 gradients by acting at the tissue level, again supporting SDF1 internalization at the back of the tissue as a way to generate the SDF1 gradient.
The notion of a linear, steady gradient of a chemoattractant created by a localized source and a sink may be more widespread than was previously thought. Fgf8 morphogen gradients in zebrafish embryos are thought to be an example of stable gradients regulated by a sink function associated with receptor-mediated endocytosis [14] , akin to the accumulation of SDF1 in CXCR7-positive endosomes. Thus, important research directions arise from the two studies described here. For example, the molecular mechanisms governing the spatial distribution of CXCR7 in the primordium are yet to be determined. Similarly, whether CXCR7 is asymmetrically distributed in a single cell and can operate as a sink to generate SDF1 gradients during single cell migration have not been addressed. Self-generation of EGF gradients and persistent migration by single cells under certain circumstances has been proposed [15, 16] . In addition, the studies by Knaut and Gilmour [10, 11] report that both CXCR4 and CXCR7 are internalized upon SDF1 binding. As CXCR7 is confined at the rear of the cell collective, gradient formation may simply reflect front-to-back cumulative differences in SDF1 clearance as a consequence of receptor expression. Alternatively, gradient formation may arise from qualitative differences in the internalization properties of the two receptors across the primordium. Distinguishing between the two possibilities will shed light on the mechanisms of gradient formation. Finally, while both teams provide strong evidence that CXCR7 acts as an SDF1 scavenger, it remains to be determined whether this receptor also transduces a signal as part of cellular migration responses, as it has been shown to do in other systems [17, 18] .
The SDF1/CXCR4 signaling pathway controls various aspects of cancer biology and is of therapeutic interest [19] . However, the functional interactions between CXCR4 and CXCR7 in cancer are not well understood [20] . By functioning as a sink, it is conceivable that CXCR7 could be a CXCR4 signaling antagonist or, drawing a parallel from the two studies presented here, a migration-promoting factor within the heterogeneous 'collective' of the tumor. Thus, deciphering the mechanisms by which CXCR4/CXCR7 regulate collective cell migration during zebrafish development may provide therapeutic advances in cancer. 
